Introduction

27
Lytic bacteriophage, or simply "phage", are viruses that in- Their ability to reduce bacterial populations has also been 38 harnessed as a therapeutic method, in "phage therapy", 39 whereby specific phage targeting a given bacterial pathogen 40 is administered to patients to eliminate infections (6, 7). As 
53
Given all the complexity that such environments bring, it is 54 difficult to explain differences between the results of labora-55 tory and clinical studies (10, 11, 14, 15 
141
We hypothesized that the presence of PA14 prevented PAO1 142 from increasing its population size, thereby decreasing its 
149
In agreement with our hypothesis, resistance to the phage 150 emerged when the initial population size was greater than 10 4 151 CFU/ml (Fig. 1E) . Second, we kept the initial population 152 size of PAO1 constant at 10 6 CFU/ml and varied the start-153 ing population size of its competitor PA14 in the presence 154 of phage (MOI=1). Again, as predicted, phage resistance 155 could emerge when there were fewer competitors, but once 156 the number of competitors at the start exceeded 10 6 CFU/ml,
157
PAO1 cells were all killed by the phage at the end of 21 hours 158 of co-culture (Fig. 1F) . In all cases, PAO1 survival depended 159 on becoming resistant to the phage.
160
In sum, in liquid culture, competition with a resident strain 161 can prevent a targeted strain from surviving phage treatment, 162 which is consistent with previous research (22).
163
Phage infect sensitive PAO1 in mono-culture colonies.
164
To simulate a setup where a biofilm forms on a solid surface 165 and is later exposed to phage, we first grew the bacteria on between~0.04 and 20% of the total population at low (~10 6 189 PFU/ml) initial phage dose (Fig. 2D, Fig. S5 ). At high initial 190 phage dose (~10 9 PFU/ml), the majority of surviving cells 191 were found to be resistant to the phage, but a sub-population 192 of sensitive cells survived in all replicates (Fig. S2F) . impact the survival of the targeted PAO1 within a colony con-
259
taining both strains and treated with phage. We repeated the 260 experiment ( Fig. 2A ) with a mixture of both PAO1 and PA14
261
at an initial ratio of 1:10, such that an approximate 1:1 ratio 262 was reached on phage exposure after 12h (Fig. S1 ).
263
As in the phage-treated PAO1 mono-culture colony, PAO1 We observed no phage resistance in the sampled centers of PAO1 colonies, or in colonies mixed with PA14. (E) To determine whether phage could reach colony centers, we quantified PAO1 and phage in the colony centers. The ratio of PFUs to CFUs was lower in the colony centers, and in whole mixed colonies compared to whole colonies of PAO1 alone. (F) Phage abundance in the colony at 48h is inversely proportional to the initial abundance of PA14 in the colony inoculum. PAO1 was held constant at 10 2 CFU/col.
We observed two significant differences between mono-and (Fig. 1D) , and keeping phage populations that infect 297 them smaller (Fig. 2F ).
298
Given that the phage seems to mainly infect PAO1 in the 299 edges of both mixed and mono-culture colonies, we hypothe-300 sized that we would find phage refuges containing uninfected 301 cells in both conditions, regardless of the presence of PA14. four different locations (Fig. 3A) , resuspending the cells and PAO1 without phage (Fig. S15B, G) .
364
The growth-arrested colony grew slightly (by 131±33.4% comparable to PA14 mono-culture colonies (Fig. S14F ).
381
The data from these treatments support our previous conclu- 
D R A F T Discussion
394
In sum (Fig. 4) we were to provide our bacteria with nutrients that were con- 
Materials and Methods
500
Bacterial strains, phage, media and culture con- E. Ashenov and R. Lindberg). We chose this phage among 513 14 that we tested based on a spot assay that produced phage 514 plaques on PAO1-GFP but not the two PA14 strains, which 515 were entirely resistant.
516
Overnight cultures were grown in tryptic soy broth (TSB;
517
Bacto™, Detroit, MI, USA) at 37 • C, shaken at 200 rpm.
518
Before each experiment, the optical density (OD 600 ) of the to obtain the final PFU/colony value.
568
The rate of resistance of PAO1 to the phage was calculated 569 in two ways. In the first method, 10µl of a solution contain-570 ing 10 10 PFU/ml was streaked in a straight line across an LB experiments were performed (Fig. 1E, F) . In the first, a 96- the PBS, the filters removed and the bacteria plated to count PFUs in the starting inoculum of phage as described above.
670
After 5 and 10 minutes on ice, we filtered 2ml of the sus- 
